FOR the specific treatment of cases suffering from an acute bacterial infection two chief methods are at present in use: either an immune serum containing antibodies specific for the infecting micro-organism is given, or an attempt is made to stimulate the patient's system to the active production of antibody by giving him a vaccine of the infecting micro-organism.
From the practical standpoint, each of these methods has its advantages, and both have shortcomings. Apart from the possibility of giving rise to anaphylactic shock, or serum sickness, immune sera, with the exception of diphtheria antitoxin and one or two others, have over and over again proved disappointing clinically. Ordinary vaccines, again, have the disadvantage, that before the period of increased immunity which they evoke is reached the patient has to pass through a phase during which his resistance is actually lowered. While it is true that this negative phase may in many cases be minimized, and rendered invisible clinically, by using a small initial dose, by increasing the dose slowly, and by properly interspacing the doses, the risk is nevertheless a real one; and those who have had much experience of vaccine treatment-especially in acute cases-must occasionally have seen instances ju-24 in which, owing to the specific hypersensitiveness of the patient, this diminution of resistance has proved a serious matter.
The law discovered by Ehrlich and Morgenroth, that every cell when brought in contact with its antibody fixes this antibody to the exclusion of all else, rendered it possible for Besredka to introduce a method of immunizing that promised to form a step forward. This method is as follows: By the simple process of bringing the vaccine into contact with homologous immune serum the bacterial cells attract to themselves their specific antibodies present in the serum, and become coated therewith. After sufficient time has elapsed for the absorption of antibody to take place the bacterial cells are centrifuged out, the supernatant serum is removed and replaced by saline, the deposited bacteria are shaken up and again centrifuged out. Thus all traces of serum may be removed, and a deposit is obtained which consists entirely of bacterial cells coated with their specific antibodies. This is the sensitized vaccine of Besredka.
There are one or two practical points that may be mentioned. It is advisable to count the vaccine before bringing it into contact with the immnune serum. It is convenient to carry out all the stages in a graduated centrifuge tube. The vaccine is best killed after sensitization, and this may be done by adding a suitable antiseptic to the saline with which the terminal washing is effected. Besredka appears to be in favour of not killing the vaccine at all, but of giving sensitized vaccine alive. Broughton Alcock has given living sensitized typhoid bacilli, streptococci, and staphylococci to patients without reaction. This measure, however, implies great confidence in the sensitizing properties of the sera used. Personally I have hitherto preferred to use sensitized vaccines in which the bacteria have been killed by phenol; but I have given living sensitized streptococci to two cases of ulcerative endocarditis without harmful effect.
The question now arises, what is the advantage of sensitizing a vaccine ? Surely a vaccine treated with immune serum in this way is neutralized, and rendered inert ?
The answer to these questions is furnished by the results of the numerous experiments on animals that have been made by various independent observers since 1902, when Besredka introduced the method. These experiments show that the first great effect of sensitization is to reduce the toxicity of a vaccine.
Examples.-The plague bacillus retains a good deal of its pathogenicity even when killed by heat. Thus -l-to -1ic.c. of a forty-eight hours' agar culture of plague killed by heat produces a fatal effect on a mouse in forty-eight hours. After sensitization two whole heated agar cultures (twenty to thirty times the previous dose) can be injected into a mouse without producing any symptoms at all. The dysentery bacillus is also very toxic, even when killed. After sensitization, however, one hundred times the dose previously fatal may be given to mice without harmful effect.
These experiments, and others to which I have alluded elsewhere, demonstrate the pronounced effect of sensitization in reducing the toxicity of a vaccine.
The question may next be asked: But is not this reduction of toxicity effected at the expense of the immunizing capacity of the vaccine ? The animal experiments show that this is not so. Experiments with the typhoid bacillus, 'plague, cholera, dysentery, streptococcus, and pneumococcus indicate that the imnmunity resulting from sensitized vaccine is as "solid" as that resulting from an ordinary vaccine. They show, moreover, that sensitization has the very important effect of acclerating the onset of the immunity, and further, that between the time of injection of a sensitized vaccine and the onset of the resulting immunity there is no diminution in the animal's resistance.
From these experiments on animals, then, it would appear that sensitization of a vaccine has three important advantages-e.g.: (1) The reaction is eliminated; (2) immunity is accelerated; (3) this immunity is achieved without any diminution in the animal's specific resistance.
How are these Results to be Accounted for ?-The commoner pathogenetic bacteria-e.g., streptococci, pneumococci, Bacillus coli, Bacillus typhosus, Bacillus tuberculosis, &c., all act by reason of their endotoxin. During sensitization the bacterial bodies become coated over with agglutinin and opsonin. The endotoxin is not neutralized-at any rate not completely-but merely covered over. When a sensitized vaccine is injected into the body these prepared bacteria, thanks to their opsonification, are at once taken up by the body cells and especially by the polymorphonuclear leucocytes. The endotoxin is not set free until the bacterial cell is lysed in the interior of the phagocytes; and these phagocytes being the chief factory of antibodies, their interior is the very place which we wish to stimulate in a bacterial infection. Thus the object in sensitizing a vaccine is to promote its phagocytosis, and the effect of sensitization is to acclerate immunity by shortening the preliminary work of the phagocytes and causing them to deal at once with the endotoxin of the invading bacteria. This view, which corresponds with that already put forward by Broughton Alcock, seems to be the most likely explanation of the mode of action of sensitized vaccine. Whatever the modus operandi, there is no doubt about the resulting immunity, and the advantage of the method of Besredka is that this is achieved without a reaction, without any trouble from horse serum, speedily, and without producing any diminution in the animal's specific resistance.
The chief experimental work with sensitized vaccines has been done for purposes of prophylaxis. Experiments as to their curative value are less abundant. A striking piece of research, however, in this sense has been carried out by Levy and Aoki, with the pneumococcus on rabbits. They first of all compared the immunizing values of ordinary and sensitized pneumococcal vaccine prophylactically, and found that the sensitized vaccine gave best results. They also found that exceedingly good immunity resulted from vaccinating by the intensive method of Fornet and Muller, according to which increasing doses of vaccine are given for three days in succession. Finally, they injected rabbits with a fatal dose of living pneumococci, and found that they could save the lives of these animals by giving them large enough doses of sensitized pneumococci killed by phenol.
In view of these encouraging results on animals, it was clearly desirable to ascertain the value of sensitized vaccines on man, especially in the treatment of acute bacterial infections. Through the cordial co-operation of the clinical staff at St. Bartholomew's Hospital it has been possible to do this in a series of cases which I am now, through -their courtesy, permitted to report. Before dealing with the results I will ask you to consider for a moment the nature of the problem. We are dealing with a patient -whose infection is in active progress, and whose general condition is sufficiently serious to justify admission to hospital. Some of the cases of which I shall show the temperature charts were, in fact, so exceedingly ill at the stage when the treatment was applied that there was grave doubt as to their recovery.
The first question is, what would a sensitized vaccine be expected to do in such a case? Now the method being one of stimulating the patient's specific resistance, it is clear, before we start, that the main factor in a patient's recovery from an acute bacterial infection must always be his own general resistance. All that we can hope to do with a method such as the present one is to bring out his specific resistance to the utmost extent possible, and in the speediest time; in short, to accelerate the immunizing mechanism of the patient. I think you will agree that if we are able to do this without detriment to the patient in other respects, we have a therapeutic measure that in certain cases is likely to prove of very valuable service indeed.
The second question which I wish to raise is this: How are we to judge of the effect of a sensitized vaccine on such a patient ? There can be only one answer. The effect will be seen by comparing the clinical condition of the patient-both local and general-before and after the vaccine is given.
I am showing the temperature charts of these cases. But the temperature is, of course, only one point in the illness. In some cases the general condition of the patient, his facial appearance, his comfort, appetite, capacity for sleeping, and general subjective feeling, as also the appearance of the local lesion, may be profoundly altered for the better without the same degree of improvement showing in the temperature chart. Bearing this in mind, however, it must be admitted that in an acute bacterial infection the temperature forms on the average as good and impartial an index of the patient's general condition as any other single point can do.
All of the cases received the ordinary non-specific treatment. The great majority were instances of infection by Streptococcus pyogenes. They were injected with stock sensitized Streptococcus pyogenes vaccine made by mixing three or five strains of typical Streptococcus pyogenes and sensitizing them. The vaccine was killed after sensitization by adding 1 per cent. of phenol. In giving the vaccine the intensive method of Fornet and Muller was chiefly used, increasing doses being injected subcutaneously for three days in succession.
NoTEs ON CASES. Case I.-N. N., a little girl, aged 10, was admitted under the care of Sir Anthony Bowlby on account of an attack of erysipelas of the face and scalp. On the third day of her illness the erysipelas was spreading both forward and backwards, and the patient was slightly delirious. At 10 p.m. aspirin was given by mouth, and 100 million sensitized Streptococcus pyogenes. vaccine subcutaneously. Twenty-four hours later the swelling had extended somewhat further, but the margins were less defined than before. The temperature was a little lower, but the patient was still delirious. Five hundred millions of vaccine were given. On the following morning the patient was very much better, the area had not spread, the margin was far less defined, the cedema had diminished, and her temperature had fallen to 98'20 F. The evening note of the same day read as follows: " This is the first evening since admission that the child has not been delirious. The local condition is also much improved." One thousand million sensitized streptococci were given. She continued to improve, and three days later the child was quite well. CASE I.
The arrows show when the sensitized vaccine was given.
Case II.-E. J., a nurse, was admitted under the care of Sir Anthony Bowlby on the fifth day of an attack of cellulitis of the scalp, accompanied by cervical adenitis, the result of scratching the scalp with a comb. On admission the patient's temperature was 1010 F., pulse 120, respiration 24.
Bacteriological examination of fluid taken from below a crust that had formed CASE 2. at the point where the scalp had been scratched showed Streptococcus pyogenes to be present as well as Staphylococcits autreus. Thereupon the patient was given 100 million sensitized Streptococcuts pyogenes vaccine. On the following day the patient's condition had not improved, the local cedema had spread, and a blood culture was made with 5 c.c. of the patient's blood, which, however, failed to show growth. Five hundred million of the vaccine were given, followed twenty-four hours later by 1,000 million. Besides the vaccine treatment, the local cedematous region, which showed some fluctuation, was incised, and later some suppurating glands in the left occipital region had to be opened. The vaccine appeared to produce no effect on either the local or general condition of this patient, and forty-eight hours after the third dose the front of the scalp, which had previously been only swollen and cedematous, became erysipelatous. Two days later, however, the erysipelas subsided, the temperature fell, and she began to convalesce. Case III.-Nurse S. was admitted under the care of Mr. D'Arcy Power suffering from an attack of erysipelas of the forehead and cheeks. On admission her temperature was 1040 F., pulse 120, respiration 24. Coincidently with the administration of three successive doses of 100, 500, and 1,000 millions of sensitized Streptococcuts pyogenes vaccine at twenty-fourhourly intervals the inflammation proceeded to subside and the patient to get well.
Case IV.-J. K., aged 24, a strong, healthy housebreaker's labourer, was admitted under the care of Mr. Bruce Clarke for a compound fracture of the lower end of the left humerus sustained by falling down 15 ft. through had Symes's amputation performed on his left foot for extensive tuberculous disease there. In spite of every care the stump began to suppurate, and Streptococcu,s pyogenes being found present, the patient was given increasing doses of sensitized Streptococcus pyogenes vaccine on successive days. The local improvement was very marked in this case. The patient's general condition improved correspondingly, the temperature reaching normal within eight hours of the third injection. Case VI.-G. C., a young medical man, was admitted under the care of Mr. Harmer, under the following circumstances: The patient had for some time past suffered from his tonsils, which were septic, and enucleation was accordingly performed. The patient did badly and developed double otitis media and left mastoiditis. In spite of further operation his condition became exceedingly grave, extensive suppuration having developed in the mastoid region and in the subcutaneous tissue around. Streptococcuts pyogenes being found present in the pus, the patient was given 50 c.c. of anti-Streptococcus pyogenes serum (B. W. and Co.). On the following day the patient was no better. After consultation with Mr. Harmer we decided to try sensitized Streptococcus pyogenes vaccine. The patient was given 50 million, and on the following days 100 and 500 million. The improvement, both locally and generally, was rapid and CASE 6. well marked; the pain and suppuration became diminished and the temperature "stepped down" after each dose until it became normal. C. Ernest West with a temperature of 103'4' F., pulse 108, respiration 30, and delirious. There was a thick, yellow, offensive discharge from the left ear. During the night the patient vomited three times. On the following day a radical mastoid operation was performed by Mr. West who found and drained an extradural abscess. The lateral sinus was exposed but not opened. On lumbar puncture the cerebrospinal fluid was found to be under increased pressure, but clear, and in other respects normal;. and when lumbar puncture was repeated on two occasions later the fluid was also found normal. The pyrexia continuing, the lateral sinus was packed off and opened, but no clot was found. On the following day, the patient having had a rigor and a temperature of 107.40 F., the lateral sinus was explored but no pus was seen, nor was any found on exploring the brain. The pyrexia continuing and a blood culture having yielded Streptococcus pyogenes, the patient was given 50 million sensitized Streptococcus pyogenes vaccine, followed on the succeeding days by 100 and 500 million. The chart shows the effect upon the temperature. The note on the day after the third dose says: " The patient is better and the temperature is steadying down." A week later the patient was able to get up for his dressing. Six days later a flap was cut and the wound closed over. The child made an uninterrupted recovery.
Case VIII.-E. M., aged 28, housewife, was admitted under the care of Mr. D'Arcy Power suffering from abscesses in both breasts and pyrexia. The mastitis had come on ten days after confinement and had been present for over a fortnight. The abscesses were treated by incision and free drainage, but in spite of this the temperature kept up and the patient's general condition did not improve. The question of endocarditis arose, and Dr. Herringham was called in, whose report was as follows: " There is a faint systolic murmur. No friction (pericarditis). No discoverable affection of the lungs. Abdomen CASE 8 . appears natural. It is possible that she has septic endocarditis, but it is not like the usual onset, and there is nothing in the sounds of the heart that proves its existence." Thereupon a blood culture was made and yielded Streptococcuts pyogenes in pure culture. The patient was then given 100 millions of sensitized Streptococcus pyogenes vaccine, followed at twenty-fourhourly intervals by 500 and 1,000 million. The temperature fell after the first dose from 104°F. to subnormal, and the local condition showed a marked improvement. The note states that " the patient feels much more comfortable and takes more interest in her surroundings." Another blood culture was then made and proved negative. The patient continued to improve, and a month later was discharged cured, a faint systolic murmur being still audible at the apex.
Case IX.-S. S., a woman, aged 64, was admitted under the care of Mr. Bruce Clarke, suffering from an advanced stage of streptococcal septicaimia and with thrombosis of the left internal saphenous vein. As she was evidently suffering from septicaemia on admission, and the strong probability was that the infecting micro-organism was Streptococcus pyogenes, and the sensitized vaccine could do no harm even if the patient were infected by another micro-organism, she was given a dose of 250 millions of sensitized Streptococcus pyogenes vaccine straightway, and then the internal saphenous vein was ligatured in the upper third of the thigh and about 4 in. of varicose vein filled with clot dissected out and removed. The patient slept well during the night, but next morning was still delirious and her pulse was intermittent.
Cultures made at the operation from the patient's blood, taken from the median basilic vein and also from the clot removed from the internal saphenous vein showed a large number of colonies of Streptococcuts p yogenes. The patient was given 500 and 1,000 million sensitized Streptococcus pyogenes vaccine, but without any effect, and she died on the second day after admission. At the post-mortem examinati6n, in addition to the streptococcal septicemia, endocarditis was found present, vegetations being present on aortic cusps. Case X.-J. C., aged 71, under the care of Sir Anthony Bowlby, had a large carbuncle, 5 in. in diameter, at the back of his neck. At first the patient improved under treatment, but later his illness took a turn for the worse. He was examined bacteriologically and found to be suffering from infection with Streptococcus pyogenes. Sensitized vaccine was applied in the usual way, but without any effect. At the post-mortem examination the heart weighed 21 oz., and the mitral ring was completely calcified. The patient was also found to have streptococcal meningitis. Case XI.-A housewife, aged 28, was admitted under the care of Sir Francis Champneys, two days after delivery, suffering from laceration of the vaginal wall and streptococcal endometritis. The uterus was empty. She was given an intra-uterine douche, and three doses of sensitized vaccine at twenty-four-hourly intervals. The sequence of events was as follows: Case XIII.-D. P., aged 20, was admitted under the care of Sir Francis Champneys, nine days after confinement. The uterus was found to contain pieces of retained blood-clot and placenta, which were removed. The endometrium gave a pure culture of Streptococcus pyogenes, but a blood culture was negative. The uterine cavity was swahbed with 12 c.c. of anti-pyogenes serum and the same amount of serum was also given subcutaneously. Subsequently she was given a lysol douche night and morning. The patient was given three doses of sensitized Streptococcus pyogenes vaccine in the usual way, but although her general condition apart from the temperature appeared to improve, her pyrexia did not disappear until ten days later. After that she made an uninterrupted recovery. CASE 12.
Case XIV.-E. R., aged 39, had a miscarriage fourteen days before admission under the care of Sir Francis Champneys, and her temperature had been raised for a week. On admission the temperature was 101V6°F., pulse 112, cervix movable, canal closed, some discharge, uterus not enlarged, anteflexed, and freely movable. A blood culture gave a pure culture of Streptococcus pyogenes. The patient was given two doses of sensitized Streptococcuts pyogenes vaccine in the usual way. Her temperature subsided and general condition improved. A further dose of 1,000 million was given some days later for prophylactic purposes. She made an uninterrupted recovery. Case XV.-A. F., aged 25, was admitted under the care of Sir Francis Champneys, seven days after delivery. Her confinement had occurred in the absence of a doctor, and she had suffered from continual pain and headache since. On admission her temperature was 1040 F., pulse 120, respiration 32, uterus bulky and fixed on one side. Internal os closed. The uterus was evacuated, blood-clot and membrane being removed. Cultures from the uterus gave Streptococcus pyogenes, but the blood culture was negative. Two days later she developed signs of pleurisy at the right base, her blood culture became positive, and she showed signs of free fluid in the abdominal cavity. Doses of sensitized streptococcus vaccine were applied, beginning on the second day after admission, but the patient failed to respond. Towards the end, when the patient's condition was desperate and she had to be infused with saline, 500 million sensitized streptococcus vaccine were put into the saline and given intravenously, but with no effect. She died on the thirteenth day after admission. Permission for a post-mortem examination could not be obtained.
Case XVI.-A. H., aged 36, admitted under the care of Sir Francis Champneys, had an apparently normal confinement a week before admission. Two days after delivery, however, she felt ill, shivered, and developed a profuse discharge. On admission on the fifth day of her illness the uterus was found to be 3 in. above the pubes and tender. The perineum was lacerated, the cervical canal was patent and showed a copious discharge. On further examination the uterine cavity, thoughlarge, was found to be empty. Cultures were made from the uterus and blood, and the uterine cavity was swabbed out with iodine. The uterine culture gave a growth of Streptococcus pyogenes and the blood culture remained sterile. The patient was given sensitized Streptococcus pyogenes vaccine in doses of 100, 500, and 1,000 million on three successive days, but failed to improve. She developed signs of consolidation at the left base and the abdomen became distended, and 2,000 millions of the vaccine were given, but without effect. The patient got progressively worse. A needle was put into her left chest, and some pus withdrawn which showed Streptococcuts pyogenes in pure culture. The blood also gave a growth of the same micro-organism at this stage. The patient's condition becoming desperate, she was given 1,000 million sensitized streptococcus vaccine intravenously, but without effect, and she died on the seventh day after admission. At the post-mortem examination, besides the streptococcal septicaemia she was found to have a double empyema and also a pint of purulent fluid in the peritoneal cavity. Both fluids showed Streptococcuts pyogenes in pure culture.
The endometrium was found to be sloughing. CASE 17. Case XVII.-E. F., admitted under the care of Sir Francis Champneys, had aborted four days before admission, when the placenta and membranes were also expelled. On admission the patient's blood gave a copious growth of Streptococcus pyogenes, while the endometrium only grew one colony of a staphylococcus. She was given sensitized Streptococcuts pyogenes vaccine daily, and as she did not respond to smaller amounts the dose was pushed up to 5,000 million. The vaccine, however, was without effect and she died seventeen days after admission. After death, besides the streptococcal septicaemia she was found to have infarcts in the lung and spleen, purulent peri-tonitis, and also an empyema. The pus in both the latter situations showed Streptococcus pyogenes in pure culture.
Case XVIII.-The next case was that of an undergraduate, aged 21, under the care of Dr. Haynes, of Cambridge, whose note is as follows: " Seen on N92.
The arrows marked S show when sensitized vaccine was given. evening of February 15, 1913, complaining of ' strained wrist,' which had been painful for two days, but patient had continued to row. On examination some swelling present on the dorsum of the right hand and forearm. Joint apparently not involved; sore on buttocks and base of coccyx. Suppurating blister on left third toe; no glandular swelling. Fomentations applied. Next day condition not changed; no cdema or localizing signs; no recent blisters or abrasions of hand. Patient seemed ill: temperature slightly raised, pulse 80.
A surgeon called in advised arm-bath; no glands enlarged. February 18: Patient removed to nursing home; no improvement; temperature and pulserate rising; swelling of arm more marked, but not spreading upwards. February 19: Arm incised above wrist and over dorsum of band; no pus found. " Remarks: This has been a very severe case of septicaemia. The primary infection was probably through the sore on the coccyx, with secondary periostitis of right ulna and radius, metacarpals and carpals, left fibula, and infection of the left pleura. There have been the usual signs of toxtnmia, profuse sweatings, delirium, wasting, and profound anemia. The heart muscle has shown signs of failing."
Dr. Haynes grew a Staphylococcus aureus from the first pus obtained, and a pathologist later grew a streptococcus. The pleural effusion gave pure Streptococcuts pyogenes. The specific treatment consisted first of stock staphylococcus vaccine followed by antistaphylococcal serum, of which two doses each of 25 c.c. were given. Autogenous streptococcal vaccine was next tried in doses of 5 million, 6 million, and two doses of 7 million. Polyvalent antistreptococcal serum was also given in three doses of 25 c.c. None of these specific measures appeared to benefit the patient, and in the sixth week, four days after aspiration of the pleural cavity, autogenous sensitized streptococcus vaccine was given daily in doses of 25, 50, 100, 250, 500, and 1,000 million, at the suggestion of Dr. Horder, who had been called into consultation by Dr. Haynes. This was followed later by further doses of 100, 500, 1,000, 1,500, and 3,000 millions of stock sensitized Streptococcus pyoqenes vaccine.
Dr. Haynes's note of the result is as follows: " Considerable improvement, both local and general, in the condition of patient has occurred since treatment by sensitized vaccine was commenced. The most noticeable events have been: reduietion of temperature, cessation to a great extent of delirium, marked increase in appetite, improvement in colour, and more healthy appearance of wounds. During the last few days the temperature has kept a higher average, and the appetite is failing." Case XIX.-This case was that of a lady, aged 62, under the care of Dr. Chittenden Bridges. The original condition for which she came under treatment was a septic throat with enlarged glands on the left side of the neck. These broke down, and were opened by Mr. Cosens Bailey. A few days later she developed erysipelas on the left side of the neck, which gradually spread over the whole scalp, accompanied by a high temperature and rapid pulse. An autogenous vaccine prepared from pus examined at the time of operation was injected with no benefit. Thirty cubic centimetres of antistreptococcus serum were injected, with no result. Mr. McDonagh having suggested to Dr. Bridges that he should try sensitized vaccine, I was requested by Dr. Bridges to send him some doses of stock sensitized Streptococcus pyogenes vaccine. The effect of this sensitized vaccine on the patient's condition, both local and general, was exceedingly well marked. From being desperately ill the patient proceeded to get well. Dr. Bridges, to whom I am indebted for these particulars and the temperature chart, writes that he is confident that the patient would have died had it not been for the sensitized vaccine.
Case XX.-L. C., aged 23, under the care of Sir Francis Champneys, was delivered of twins thirteen days before admission. One child was putrid, the other died after a few days. The patient was admitted with bronchitis and an offensive vaginal discharge. The uterus was found to be fixed, but empty. A culture from the uterus showed a few colonies of Bacillus coli, and some small colonies of what I at first thought to be streptococcus. The patient was given three doses of sensitized Streptococcus pyogenes vaccine, but without benefit. She was then given three doses of autogenous sensitized Bacilluts coli vaccine, also without effect. Examination of the sputum showing swarms of pneumococci, and the small coccus from the uterine culture having by now been identified with pneumococcus, she was given three doses of stock sensitized pneumococcus vaccine. The effect on the patient was exceedingly well marked and she at once began to improve. This effect was far more obvious clinically, than is seen in the temperature chart. She was a weak, anmemic woman, but convalescence though slow, was sure.
CASE 21i
Case XXI.-M. P., a girl, aged 21, was admitted under the care of Mr. D'Arcy Power, suffering from severe abdominal pain and vomiting. Laparotomy was performed, but nothing abnormal found. The patient's pain focusing down into the region of the left kidney, where a tender swelling could also be felt, and pus and Bacillus coli being present in the urine, left pyelitis was diagnosed. She was given three doses of autogenous Bacillus coli sensitized vaccine, with the result that after the third dose a marked improvement in her general condition set in. This is reflected in the temperature chart. The improvement was maintained, and she made an uninterrupted recovery from symptoms, though Bacillus coli was still present in the urine on her discharge.
SUMMARY.
What, then, is the value of this form of specific treatment as judged by its effect on the cases described above ?
I think that this question can best be answered by considering the series of cases, nineteen in number, in which the infecting agent was Streptococcus pyogenes. In none of these, or in any of the other cases, was there any evidence to show that the sensitized vaccine hada harmful effect. In order to estimate its clinical value I will first of all take the cases in which it had no effect at all. In seven out of the nineteen cases the vaccine produced no apparent change. Of these seven cases five died. Of the fatal five, two were in an advanced stage of septicaemia when the treatment was first applied. After death, one of these was found to show endocarditis, the other meningitis. All of the three remaining fatal cases were instances of puerperal septicoemia; and it may be noted that in all of them the pleura became infected, and in two of them the general peritoneal cavity as well. There remain two cases of apparently localized streptococcal infection that recovered, but appeared to derive no benefit from the sensitized vaccine. So much for the cases in which the treatment was without effect. The remaining twelve cases all showed a great improvement after administration of the vaccine. At least six of these patients were in an extremely serious condition clinically when this form of immunization was begun. In all, the ordinary medical and surgical treatment had failed to cure. Three of them had streptococci in their blood-stream. The sensitized vaccine was given, the general and local condition improved, the temperature descended, and the patient began to get well. In three of these cases antistreptococcus serum had been given, but without effect. In two of them also autogenous ordinary vaccine had been tried, but with no benefit.
As regards infections with bacteria other than Streptococcus pyogenes, our results are as yet too few to speak with confidence as to the relative value of the method. I have tried sensitized autogenous vaccine in two cases of ulcerative endocarditis without the slightest effect. Both were advanced cases, however, one showing 80 and the other 300 to 400 colonies of Streptococcus salivarius per cubic centimetre of their blood.
As regards infections by the pneumococcus, again my results are as yet too few for drawing conclusions. Dr. Hamill has made up quantities of sensitized pneumococcus vaccines, however, and as he is here will be able to give us his experience. Trial is being made of the method in cases of pneumonia by Dr. Tooth and Dr. Horton-Smith Hartlev.
Two cases of broncho-pneumonia, due to the pneumococcus in children, appeared to derive benefit; but in some others no effect was seen.
Besides the case mentioned (Case XX), two cases of acute pneumococcal bronchitis in middle-aged men rapidly cleared up after administration of three successive doses of stock sensitized pneumococcus vaccine. We must also wait for more material before. concluding as to the merits of the treatment with Bacillus coli infections. The results so far have been encouraging. It has been applied in several severe cases of opened appendix abscess (that threatened to develop general peritonitis) with certainly no harm, and apparently with good localizing effect; but this effect is difficult to prove from the temperature chart, which has simplv remained at the nornmal level after the operation.
I have been disappointed in the use of sensitized staphylococcus vaccine, as I have been unable hitherto to obtain a serum that properly sensitizes the Sta_phylococcus _pyogenes. No doubt this difficulty will be overcome. I have endeavoured to make a trial of sensitized tubercle bacilli (S.B.E.) but the preparation on the market which I made use of had evidently become desensitized, and as half the minimnal dose recommended produced somewhat of a reaction, I did not proceed with it.
CONCLUSION.
The method of Besredka has the conspicuous merit of producing immunity in animals rapidly, without discomfort, and without producing any preliminary diminution of resistance.
The experience here described with cases suffering from acute bacterial infection goes to show that where there is latent power available in the general resistance of the patient, the method has a similar effect on inan under these circumstances. In some instances, moreover, this dormant power of the specific resistance may be awakened by sensitized vaccine even at a comparatively late stage in the attack. In cases in which the treatment did no good there was no evidence to show that it did the slightest harm.
The method should have a great future prophylactically in the face of epidemics. It seems possible that sensitized vaccine may also be .Tu---25 169 useful prophylactically in hospitals-e.g., by this means the resistance of the patient might be raised to Bacillus coli, Streptococcus pyogenes, or the pneumococcus before operations on the alimentary tract or other infected area. Similarly, the method is open to the physician for the purpose of preventing secondary infections. Further, a prophylactic dose of sensitized vaccine might be given in cases of difficult labour. Finally, I submit that in cases already infected, the evidence here brought forward goes to show that in a proportion of instances it is possible by this method to materially promote the patient's recovery. By administering a sensitized vaccine to these patients we appear to bring into action available reserves in that complex and still incompletely defined entity, the patient's specific resistance.
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DISCUSSION.
Dr. H. H. DALE, Was sure there would be a general agreement that Dr. Gordon lhad been able at any rate to strengthen the case for investigation of this promising line of research and treatment. He wished to ask the author one or two questions. Dr. Gordon said that sensitized vaccines did not keep well-i.e., in time the antibody disappeared and the vaccine became desensitized. Could any idea be given of the degree of permanence? Was it a matter of days, of weeks, or of months ? Again, he did not think the source of the serum used was mentioned in the paper. Was it from an immunized rabbit or was it horse serum ? Also, had Dr. Gordon any particular method of estimating the potency of the serum before using it in sensitizing the vaccines, so as to assure himself that the serum used would be efficient in s3nsitizing? He understood Dr. Gordon to say there was a strong reason for assuming that antibodies were, formed chiefly by the leucocytes; and he would be glad to hear that elaborated a little, and the evidence on which it was based stated. The last point on which he sought information was as to the rationale of the trou-ible one took to free these organisms so completely from the serum, seeing that the serum was said to be good in itself. Why not save all that trouble by simply mixing them and injecting together?
Dr. HAMILL said he had tried the method in regard to other organisms. He had prepared over twenty courses of sensitized pneumococcal vaccine, and these were administered in about ten cases of pneumonia, of which one died. In a disease like pneumonia it was difficult to gather what precisely had been the effect of the vaccine. Many cases when they entered hospital were at about the fourth or fifth day of the illness, and often the history of onset was so vague that one could not accurately gauge the number of days it had existed and hence when the crisis was due. But he derived the general impression that a considerable proportion of the cases so treated had their condition much improved; they took their food and s]ept better than before the sensitized vaccines were used. He would mention one case in particular. It was thart of a child who was desperately ill, with a leucocyte count never above 8,000. After three days' administration of sensitized pneumococcal vaccine the leucocyte count rose rapidly to 20,000 or 30,000, and the child recovered. Another case, of which he exhibited the chart by the epidiascope, was that of an infant, aged 8 months. It was admitted on account of vomiting. The temperature was high, and on admission the weight of the child was 14 lb. 15 oz. It was rather drowsy, and had some rigidity of neck, though not much retraction. Lumbar puncture was performed and blood-stained fluid drawn off. This was repeated four days later, and a profuse growth of meningococcus was obtained; these organisms were also seen in films. Therefore he thought it could do no harm to prepare a sensitized vaccine of meningococcus. One hundred million were given at 3 p.m., and the temperature afterwards rose to 101i F. Next day 250 million were given, and the day after 500 million. The temperature settled down, and the child, from being drowsy soon began to take an interest in its surroundings, and put out its hands eagerly to grasp any bright object brought near it. The temperature went up again, and 250, 500 and 350 million were given on successive occasions. The child improved steadily from that time. After entering the hospital the child's weight decreased to 12 lb. 12 oz., and the increase dated from the use of the sensitized vaccines, the gain being 31 lb. in the next four weeks. Three months later the child was found to have developed some degree of hydrocephalus. He had not been able to trace the child since the end of March. He had never before seen a child so young recover from so severe an attack of meningococcal meningitis; the temperature chart alone showed that this case was severe. He used the method also in another case of the disease which was in the hospital, and though death ultimately supervened, there had been considerable amelioration of the condition. The age of the child was between 2 and 3 years. After three doses it sat up in bed and took its food well, but it could not be saved.
Dr. LANGDON BROWN considered this to be one of the most important recent advances in therapeutic measures. No one in this country had had so much experience of the method as Dr. Gordon, and most physicians who had employed it had gone to Dr. Gordon for their information. In one case of general pneumococcal infection, he was much struck by the benefit to be derived from pneumococcal sensitized vaccine. A young man had an attack of pneumonia, and there were abundant pneumococci in his sputa. After the crisis he developed an empyema, which was operated on. But he also had very severe general constitutional disturbance, a clot formed in his femoral vein, and his blood culture grew abundant pneumococci. The administration of the first dose of sensitized vaccine coincided with the rise of temperature which was occurring, and it did not prevent it. But after doses on three successive days, in the way recommended by Dr. Gordon, there was a striking improvement and the patient made a good recovery. Though pneumococci could often be obtained from the blood early in pteumonia, the fact that a copious growth could be obtained in this case some days after the crisis showed that the patient was in a serious septicomic condition, and his rapid improvement with this remedy was impressive. The failures he had had were in cases of Bacilluts coli infections. One was the case of a woman who had pyelitis due to Bacilluts coli. She had been treated with ordinary vaccines, but without effect, and the sensitized vaccines had no effect either. The other patient was a man, aged 70, who was admitted on account of rigors. There were no localizing signs. The leucocyte count was only 4,000. Of the acute infections causing leukopenia, Bacillus coli seemed to be the most likely, the infection starting from the gallbladder. Bacilluts coli was obtained in quantities from the blood, and sensitized vaccines were prepared and used. He did not see the patient after the first dose was given, but the impression of those who did see him was that the treatment made him worse. The man died a few days afterwards; indeed it was the kind of case which one would expect to have that ending, whatever might be done. Cholecystitis and a large spleen were found at the postmortem. But in the case of pneumococcal septiceemia he did not doubt that the recovery was largely due to the sensitized vaccine.
Dr. R. A. O'BRIEN said his contribution to the debate must take the form of a series of questions. He was much impressed with the recital of Dr. Gordon's cases. The idea of combining passive and active immunization had become fairly prominent of late years. W\Yhen one, in order to immunize a rabbit or horse, was giving some dangerous toxin, such as diphtheria, or tetanus, it was advantageous to give serum with it in the early stages, as that prevented the overwhelming influence of the toxin and the possible death of the animal. The animal responded to balanced mixtures, toxin and antitoxin, by the production of antitoxin itself later. Some of the most convincing cases of vaccine treatment of streptococcal infection seemed to have possessed the same principle. He referred to a paper published in the Proceedinqjs giving results of the treatment of cases of puerperal sepsis at the London Hospital, at the Rotunda Hospital, Dublin, and at either Edinburgh or Glasgow. Even the sceptic was inclined to admit, in the face of those contributions, that the use of a streptococcal vaccine plus antistreptococcal serum produced an extraordinarily low mortality. With regard to the occurrence of the negative phase, he would like Dr. Gordon to give some of the results of his wide clinical experience. He (the speaker) bad thought that the idea of a negative phase, as meaning a lowered resistance or increased susceptibility to disease, was fast disappearing. Typhoid vaccine was used prophylactically, and had often been used in the midst of epidemics, having been given to many nurses in large nursing homes in America and on the Continenlt, and to garrisons of soldiers where there were many soldiers still liable to infection. The idea that the negative phase was not a real danger was, perhaps, attributable to the use of typhoid vaccine in the treatment of typhoid fever, the doses being given at intervals of two or three days; pneumococcal vaccinie was similarly used in pneumonia. If the negative phase which could be demonstrated by laboratory methods, for instance, following the use of vaccines, meant an increased susceptibility on the part of the patient, one would expect typhoid vaccine in typhoid fever to be hiighly dangerous; experience showed that this was not so. Reference had been made to increased phagocytosis which occurred after the use of sensitized vaccines, and he asked whether it had been observed that sensitized virulent pneumococci or streptococci injected inito a patient or animal were phagocyted more readily than were the nonsensitized organisms. Another point of interest in Dr. Alcock's paper was, that after giving sensitized vaccine the authors could not demonstrate the presence of any kind of ordinary antibodies, nor any complement-binding antibodies; from which fact he concluded that Dr. Alcock considered that the presence of agglutinins and complement-binding antibodies was not a measure of the resistence of the patient. Yet the fact that the vaccine was sensitized was measured by its complement-binding figure. It raised many interesting theoretical considerations, which Dr. Gordon would probably enlarge on in his reply. He would have liked to have heard Dr. Gordon's results in the treatment of chronic cases by this method, but perhaps he would deal with these on a future occasion. He (the speaker) had notes of recent cases treated with antistreptococcic serum prepared from streptococci obtained from the patient's blood in wllich the disease was infective endocarditis, or at any rate streptococcal septicemia. The clinicians who used the serum were convinced that the effect was very beneficial. Buta sceptical review of the charts was never very convincing; though after some doses there was obviously very marked improvement in the conidition of the patient, there were others in which no such result followed. He would be glad to hear whether Dr. Gordon had had experience of long-continued chronic cases, such as where there had been persistent discharge from the ear, or from sinuses, and whether this new method produced good results.
Dr. GORDON, in reply, said that in making up sensitized vaccines it was advisable to use an organism which was virulent. The streptococcus should be taken from the body as quickly as possible, and with as few sub-cultures as possible; one did not wish to run the risk of the virulence being lowered. These vaccines had been kept active for as long as six months; but only after the saline had been drawn off. He had received a warning from Paris that vaccines were liable to become desensitized by keeping. That was more important for them, because in that country they used living organisms, whereas in England dead ones were employed. He (the speaker) would like to try experiments with sensitized tubercle bacilli, but it was such a difficulty that at present he had been unable to do so. The serum which he had used for sensitizing the Streptococcuts pyogenes had been that of the horse; they had used either the Pasteur Institute serum or the anti-pyogenes serum of Burroughs Wellcome and Co. He believed the former was a little the stronger, because he understood that it was made with living streptococci. With regard to getting rid of the serum, the experiments which had been done on animals showed that the serum interfered to some extent with the immunity. And for that reason, apart from the question of serum sickness or anaphylaxis, he preferred to get rid of the serum. He believed that the serum shortened the duration of the resulting immunity; but he did not definitely know that to be the case in human beings. There was, however, the animal evidence showing that if one did not get rid of the serum the results were not so good as if it was done. The testing of the potency of a serum was a difficult matter. He had used, as a rough index, agglutinin, with a view to making sure that the serum had antibodies specific for the micro-organism which was being sensitized-not as a quantitative, but as a qualitative test. But the real proof of incomplete sensitization was the production of a reaction when the vaccine was given to the patient. He generally gave his sera twelve hours at room temperature in contact with vaccine, and he believed the results were even better by extending the period to forty-eight hours. There appeared to be comparatively little absorption of antibodies from a serum of that kind, because one could find agglutinin present in large quantities after the vaccine had been removed from the serum. With regard to the exact nature of the immunity caused by sensitized vaccine, he thought there was need for a good deal of animal experimentation on this matter. It was being done now in Paris, and he hoped it would also be done elsewhere. The subject would well repay investigation. It was true that Besredka and his colleagues had examined the animals inoculated with sensitized vaccines, and they had not found agglutinin, and although immunity was produced they did not find these particular antibodies. Animal experimentation, however, on the degree and durability of the immunity itself had now been carefully carried out for ten years, and the results were very complete. The only sure test of immunity was the number of fatal doses the treated animal would stand. It was, of course, an expensive process, and meant the sacrifice of many animals. And in that respect the paper of Levy ttnd Aoki came out well. They knew that if they took a certain dilution of their broth culture of pneumococcus it would kill the animal, and the value of various methods had been tested in this way. One question which be had been asked was as to why he believed that leucocytes were the main factor in producing immunity. His reply was that, so far as he was aware, all the available evidence pointed in that direction. After a leucocytosis had been produced in it, the peritoneal cavity would stand a dose which would otherwise be fatal; and if one took a leucocyte and put it outside the body in saline, in the presence of a suspension of bacteria, though that leucocyte at first could not engulf the organism, and showed no capacity to secrete opsonin, yet if watched for a number of hours it might be seen eventually to do so. That pointed to the leucocyte having the power to manufacture an antibody. He believed leucocytes to be the main factor in resistance because he was not aware of any evidence having been adduced to show that it was not so. He once made an investigation of the distribution of opsonin, and one of the first experiments he did was to kill a rabbit, take serum from all its organs, and also to make extracts of its organs. He endeavoured to make these comparable. He tested the relative opsonin content of the various sera and extracts; and the case in which he got the best phagocytosis was when he used the serum itself of the animal, from whatever organ. The nature of the immunity procured by using sensitized vaccines was not quite certain, but it was almost certainly of the nature of an anti-endotoxin production. And if that were found to be so, then one of the most important factors in immunity would have been laid bare. It was a matter for experimentalists to decide. He felt much interested in what Dr. Langdon Brown said, and especially in the case in which no results were obtained. If a sensitized vaccine made the patient worse, it raised the question as to whlether the sensitization had been thorough. Unfortunately, there were not sufficient sera to sensitize all the infecting organisms that were needed. He had sensitized one or two bacteria by immunizing the rabbit against the particular organism in each case. There was no serum available for sensitizing the Mlicrococcuts catarrhalis, or the influenza bacillus. No anti-gonococcal serum on the market seemed properly to sensitize the gonococcus. These defects needed supplying, because experience showed that results could be obtained by sensitized vaccines which were not secured otherwise. With regard to the negative phase coinciding with the period of diminished resistance, he was not satisfied on that point, and therefore he preferred to use the term "diminished resistance," rather than " negative phase." He did so because the animal experiments with sensitized vaccines showed that if an animal were given an ordinary vaccine, then for a variable period after it was given the animal could be killed by a smaller dose of the infecting micro-organism than a control animal which had not been touched. That he regarded as very convincing evidence. With reference to the method, if the question of antibodies remained still " in the air," the solid ground of the whole animal test led one to place great reliance upon it. With respect to phagocytosis, it could be shown that by sensitizing a vaccine leucocytes would take up that vaccine far more readily than they would take up ordinary vaccine. That could be confirmed any day. The opsonin no doubt enabled them to take it up, at least for streptococci; he was not sure about virulent pneumococci. One of the streptococci he used in his observations he sent to Paris, and they refrained from injecting their horses with it, he understood because it was the most virulent streptococcus culture they had had for years. In Paris the horses were immunized with living streptococci. As regards the exact nature of the immunity, he admitted that there was a point beyond which the information available was as yet incomplete. Whatever the future might have to say as to the theory, certainly the clinical results of the method bad been exceedingly good in acute cases, and better than those obtained with ordinary vaccines. A number of chronic cases had also been treated by the method. Mr. IHarmer, of the Throat Department of St. Bartholomew's Hospital, had been applying the method to chronic cases, and his results would be placed before the forthcoming International Congress of Medicine.
